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method also includes causing , by the queue manager , the 
requests that are classified as to be fulfilled to be fulfilled , or 
the requests that are classified as not to be fulfilled to not be 
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OPPORTUNISTIC NETWORK UPDATES the requests , applying , by the queue manager , one or more 
rules to the requests , to classify each request as a request that 

CROSS - REFERENCE TO RELATED is to be fulfilled , or a request that is not to be fulfilled . The 
APPLICATION actions also include causing , by the queue manager , the 

5 requests that are classified as to be fulfilled to be fulfilled , or 
This application is a continuation of U . S . patent applica - the requests that are classified as not to be fulfilled to not be 

tion Ser . No . 13 / 249 , 305 , filed Sep . 30 , 2011 , which is a fulfilled . 
continuation of U . S . patent application Ser . No . 13 / 216 , 478 , Other aspects include corresponding systems , apparatus , 
filed Aug . 24 , 2011 , which claims the benefit of U . S . Patent and computer programs , configured to perform the actions 
Application No . 61 / 451 , 885 , filed Mar . 11 , 2011 , which is 10 of the methods , encoded on computer storage devices . 
incorporated herein by reference . These and other implementations may each optionally 

include one or more of the following features . Determining 
BACKGROUND to fulfill the one or more requests further includes determin 

ing that a predetermined period of time has elapsed since a 
In a wireless network environment , network connections 15 previous request to upload or download data has been 

are computationally expensive to establish , and create dif - fulfilled . Determining to fulfill the one or more requests 
ficulties if they are kept open unnecessarily . For example , to further includes determining a characteristic associated with 
transmit a small amount of data , a mobile device may power one or more of the requests , determining a predetermined 
on its radio for an extended period of time , draining its period of time associated with the characteristic , and deter 
battery to an extent which may not be justified if the data was 20 mining that the predetermined period of time has elapsed 
unimportant . since a previous request to upload or download data has been 

fulfilled . The characteristic includes a priority of the request . 
SUMMARY In some implementations , causing requests that are clas 

sified as not to be fulfilled to not be fulfilled includes 
According to one general implementation , application - 25 deleting the requests that are classified as not to be fulfilled . 

specific rules may be established to assist a mobile device in Classifying each request as a request that is to be fulfilled or 
determining whether to transmit or not transmit data that is a request that is not to be fulfilled further includes identi 
queued for transmission . The rules may establish that certain fying information associated with each request that indicates 
data should not be transmitted , or should not be immediately an application that submitted the request . Classifying each 
transmitted , such as duplicate requests , requests for unim - 30 request as a request that is to be fulfilled , or a request that 
portant or non - critical information , or requests that can be is not to be fulfilled further includes determining that the 
satisfied at a later time , such as a time when a network request is a recurring request or a non - recurring request , 
connection has already been established . The mobile device respectively . 
transmits data that the rules have indicated should be trans - In some implementations , the actions include receiving , 
mitted , and performs some other action , e . g . , delaying , 35 by the queue manager , a request from an application to 
deleting , aggregating , ignoring , on data that the rules have register one or more of the rules , and registering , by the 
indicated should not be transmitted . queue manager , the one or more rules based on receiving the 

In general , another aspect of the subject matter described request to register one or more of the rules . One or more of 
in this specification may be embodied in methods that the rules specify that , when one or more newer requests 
include the actions of determining that a network connection 40 submitted by a particular application are queued , the newer 
has been established , then determining that multiple requests requests are to be fulfilled and one or more older requests 
to communicate data over the network connection that submitted by the particular application are not to be fulfilled . 
stored in a data transmission queue represent a same type of One or more of the rules specify that two or more of the 
request , and selecting one of the multiple requests . The requests are to be fulfilled simultaneously . One or more of 
actions also include transmitting only the selected one of the 45 the rules specify that two or more of the requests are to be 
multiple requests over the network connection . fulfilled as a batch . One or more of the rules specify that one 

In general , another aspect of the subject matter described or more of the requests is not to be fulfilled until a prede 
in this specification may be embodied in a system including termined event occurs . 
a computer - readable storage medium configured to store In some implementations , the predetermined event 
multiple data upload or download requests , and rules for 50 includes an elapsing of a predetermined period of time . 
filtering the requests , and a network interface configured to Determining that the multiple requests represent a same type 
establish a network connection . The system also includes a of request includes determining that the multiple requests 
rules engine configured to evaluate the multiple data upload are recurring requests . Determining that the multiple 
or download requests using the rules , establish that particu - requests are recurring requests includes determining that the 
lar data upload or download requests are recurring requests , 55 multiple requests are periodic requests for updated location 
based on evaluating the multiple data upload or download information . One or more of the requests includes a request 
requests using the rules , and select a subset of the recurring to synchronize data between a mobile device and a server . 
requests . The rules engine is also configured to delete the The actions include filtering the multiple requests that are 
subset of the recurring requests , and communicate any not selected . Determining that the multiple requests repre 
recurring requests that were not selected as part of the 60 sent a same type of request includes determining that the 
subset , over the network connection . multiple requests have a same priority . 

In general , another aspect of the subject matter described The details of one or more implementations of the subject 
in this specification may be embodied in methods that matter described in this specification are set forth in the 
include the actions of determining , by a queue manager on accompanying drawings and the description below . Other 
a mobile device that has a network interface , to fulfill one or 65 potential features , aspects , and advantages of the subject 
more requests to upload or download data through the matter will become apparent from the description , the draw 
network interface , and in response to determining to fulfill ings , and the claims . 
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BRIEF DESCRIPTION OF THE DRAWINGS The rule 224 specifies that only a latest request to upload 
or download data is to be transmitted when queued requests 

FIG . 1 is a diagram of an example mobile device . are processed . Other examples of rules include transmitting 
FIG . 2 is a diagram of an example system that may be the last five requests or transmitting requests if the commu 

used for transmitting and receiving data . 5 nication speed of the mobile device 202 is above a threshold 
FIG . 3 is a flowchart of an example process . speed . Rules are discussed in more detail below . During state 
FIG . 4 illustrates an example queue and an example rules “ B ” , the rule 224 is stored in the rules database 223 in 

database . association with the identifier 226 as a rule 228 . 
During state “ C ” , the application 220 sends , over time , FIG . 5 is a swim lane diagram of an example process . 

Like reference numbers represent corresponding parts marta 10 multiple requests ( e . g . , requests 230 , 232 , 234 ) to a queue 
235 , where each request 230 , 232 , and 234 is a request from throughout . the application 220 to download data to or upload data from 

DETAILED DESCRIPTION the mobile device 202 . Each request 230 , 232 , and 234 may 
include , for example , an identifier of the application 220 and 

15 a timestamp . FIG . 1 is a diagram of an example mobile device 100 that If the request 230 , 232 , or 234 is a request to download includes a network interface through which data is uploaded data , the request 230 , 232 , or 234 may include , for example , 
or downloaded , and a computer - readable medium that stores a description of or a link to the data to download . If the an application 102 . The application 102 registers , such as request 230 , 232 , or 234 is a request to upload data , the 
during installation of the application 102 , one or more rules 20 request 230 , 232 , or 234 may include the data to upload or 
with a rules database 104 . a link to the data to upload . During state “ D ” , the requests 

Over time , the application 102 initiates requests 106 to 230 , 232 , and 234 are stored in the queue 235 as queue 
upload or download data through the network interface . The entries 236 , 238 , and 240 , respectively . Over time , requests 
requests 106 may be queued in a queue 108 rather than being for other applications 212 may also be queued in the queue 
immediately fulfilled . A queue manager 110 may process the 25 235 . 
queue 108 , such as periodically , in response to a high During state “ E ” , a transceiver 241 turns on and a signal 
priority request , in response to a notification that a network 242 indicating that the transceiver 241 has turned on is sent 
connection has been established , in response to a notification to a queue manager 243 . The transceiver 241 may turn on , 
that the communication speed of the mobile device 100 is for example , in response to the lapsing of a time interval . For 
greater than a threshold speed , or in response to any other 30 example , the mobile device 202 may be configured to turn 
event . the transceiver on once per hour . As another example , the 

For each request , the queue manager 110 may identify one transceiver 241 may turn on in response to the mobile device 
or more rules in the rules database 104 that apply to the 202 detecting a communication speed above a threshold 
request , and may apply the one or more rules to the request speed . 
to classify the request as a request that is to be fulfilled , or 35 During state “ F ” , the queue manager 243 sends a request 
a request that is not to be fulfilled . Requests that are to be 244 to the queue 235 to determine which applications have 
fulfilled may be fulfilled using a transceiver 112 . queue entries in the queue 235 . During state “ G ” , a message 
Using this framework , the mobile device 100 may delay 246 is sent to the queue manager 243 indicating the appli 

transmitting or receiving data until multiple data transfer cations ( e . g . , application “ 123 ” ) that have queue entries in 
requests are queued . Transmitting multiple , queued requests 40 the queue 235 . 
may result in reduced battery usage as compared to imme - In some implementations , the queue 235 includes 
diately transmitting individual requests . Also , before trans - memory and processing logic , while in other implementa 
ferring data , the mobile device 100 may filter the data tions the queue 235 includes memory but does not include 
transfer requests to remove any request that is a functional processing logic . In implementations where the queue 235 
duplicate of another request . For example , multiple , queued 45 includes processing logic , the queue manager 243 may , as 
requests for geographic location information may be filtered shown in FIG . 2 , request that the queue 235 determine which 
so that only the last request , or only the last few requests , are applications have queue entries in the queue 235 . In imple 
transmitted , thereby avoiding the transfer of outdated infor - mentations where the queue 235 does not include processing 
mation . logic , the queue manager 243 may determine which appli 

In further detail , FIG . 2 is a diagram of an example system 50 cations have queue entries in the queue 235 . 
200 that may be used for transmitting and receiving data . During state “ H ” , the queue manager 243 sends a request 
The system 200 includes a mobile device 202 which com 248 to the rules database 223 to identify rules ( if any ) that 
municates with a server 204 over a network 206 . The are associated with the applications which include entries in 
network 206 may be a private network , such as an intranet the queue 235 ( e . g . , the application 220 ) . During state “ I ” , 
a public network , such as the Internet , or some combination 55 the rules in the rules database 223 that are associated with 
thereof . The mobile device 202 includes one or more pro the application 220 are identified ( e . g . , the rule 228 ) and a 
cessors 208 , a transceiver 209 , and computer readable rule 250 corresponding to or identifying the rule 228 is sent 
medium 210 . The computer readable medium 210 includes to the queue manager 243 . 
one or more applications 212 , a queue manager 214 , a rules During state “ J ” , the queue manager 243 sends instruc 
database 216 , and a queue 218 . 60 tions to the queue 235 corresponding to the rule 250 . For 

The applications 212 may include , for example , an appli - example , since the rule 250 specifies that only the last 
cation 220 ( e . g . , application “ 123 ” ) . During state “ A ” , the request to upload data from or download data to the appli 
application 220 sends a request 222 to a rules database 223 cation 220 is to be transmitted , the queue manager 243 may 
to register a rule 224 . The application 220 may send the send an instruction 252 to the queue 235 to delete or to hold 
request 222 , for example , as part of the installation of the 65 all queue entries associated with the application 220 except 
application 220 . Along with the rule 224 , the request 222 the latest queue entry ( e . g . , to delete or hold the entries 236 
includes an identifier 226 of the application 220 . and 238 ) . The queue manager 235 may also send an instruc 
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tion 254 to the queue 235 indicating that the latest queue Reducing the number of connections may result in reduc 
entry associated with the application 220 ( e . g . , the queue i ng a power drain on the mobile device . Establishing a 
entry 240 ) is to be transmitted . connection may generally use a significant amount of power 
During state “ K ” , the queue is processed according to the and a particular battery charge only supports a finite number 

instructions 252 and 254 . For example , the queue entries 236 5 of connections . Reducing the number of connections by 
and 238 may be deleted . If , when processing the instruction sending multiple , queued requests over a particular connec 
252 , a queue entry ( e . g . , the queue entry 236 or 238 ) is to be tion may allow the mobile device to be used for a longer held rather than deleted , the queue entry 236 or 238 may be period of time on a particular battery charge as compared to marked accordingly ( e . g . , as illustrated by the “ X ’ s ” next to establishing a connection for every request . the queue entries 236 and 238 ) . As another example , in 10 In some implementations , the mobile device may be response to the instruction 254 , the queue entry 240 may be 
marked as to be transmitted ( e . g . , as illustrated by the check configured to process queued requests on a periodic basis . 

The queue manager may receive a notification or may mark next to the queue entry 240 ) . 
During state “ L , ” requests to upload or download data that determine that a predetermined period of time has elapsed 

are classified as to be fulfilled are fulfilled . For example . 15 since a previous request to upload or download data has been 
requests associated with all queue entries remaining in the fulfilled . For example , the queue manager may be config 
queue 243 may be fulfilled , or requests corresponding to ured to process the queue on an hourly basis . 
queue entries marked as to be transmitted may be fulfilled . As described in more detail below , the queue manager 
For example , the transceiver 241 may perform an upload or may apply one or more rules when processing the queue . 
download request 256 associated with the queue entry 240 . 20 Rules may also affect when the queue manager processes the 
For example , as further illustrated During state “ M ” , the queue . For example , a rule may specify that requests for a 
mobile device 202 may send a request 258 to download data , particular application or a particular type of application are 
over the network 206 , to the server 204 . During state " N ” , to be fulfilled at least on a periodic basis . For example , a rule 
the server 204 sends a response 260 ( e . g . , including the may specify that email messages are to be sent at least every 
requested data ) to the mobile device 202 . 25 thirty minutes , or that requests of a particular priority are to 

FIG . 3 is a flowchart of an example process 300 . Briefly , be transmitted at least every five minutes . 
the process 300 includes : determining , by a queue manager The queue manager may determine that one or more such 
on a mobile device , to fulfill one or more requests to upload rules have been registered and that the queue includes one or 
or download data ; and in response to determining to fulfill more requests that apply to at least one such rule . The queue 
the requests , applying , by the queue manager , one or more 30 manager may determine a predetermined period of time 
rules to the requests , to classify each request as a request that associated with a request and may determine to fulfill the 
is to be fulfilled , or a request that is not to be fulfilled . The request based on determining that the predetermined period 
process 300 also includes causing , by the queue manager , of time has elapsed since a previous request related to the 
the requests that are classified as to be fulfilled to be fulfilled , rule has been fulfilled . For example , the queue may deter 
and the requests that are classified as not to be fulfilled to not 35 mine that a rule has been registered specifying that email 
be fulfilled . messages are to be sent at least once per hour , that the queue 

In further detail , when the process 300 begins ( 301 ) , a includes one or more email messages , and that it has been 
queue manager on a mobile device determines to fulfill one one hour since the last email message was sent . 
or more requests to upload or download data ( 302 ) . The T he queue manager may determine to fulfill requests 
requests to upload or download data may be stored , for 40 based on being notified that a request of a particular priority 
example , in a queue managed by the queue manager . The has been received in the queue . For example , the queue 
queue manager may determine to fulfill one or more of the manager may be configured to fulfill requests having a 
requests based on one or more conditions or events . For particular priority or higher as soon as such a request is 
example , the queue manager may be notified that a com received . As another example , a rule may specify that 
munication speed of the mobile device is greater than a 45 requests of a particular priority or higher from a particular 
threshold speed . application or a particular type of application are to be 

Before the notification , the communication speed of the fulfilled as soon as they are received . 
mobile device may have been below a threshold speed or the If the queue manager determines that a request having a 
mobile device may have been unable to transmit . The mobile particular priority is to be fulfilled then the queue manager 
device may be configured to store requests to upload or 50 may determine to also fulfill some or all of the other queued 
download data in the queue until the communication speed requests after fulfilling the request having the particular 
of the mobile device is greater than a threshold speed and to priority . If , while fulfilling the other queued requests , a new 
send queued requests upon being notified that the commu - request is received having a higher priority than the other 
nication speed of the mobile device is above a threshold queued requests , then the new request may be fulfilled 
speed . The communication speed of the mobile device may 55 before some or all of the other queued requests . 
rise above the threshold speed if , for example , the mobile The queue manager may determine to fulfill requests 
device is moved to a location where a stronger wireless based on other conditions or events . For example , the queue 
signal exists or if the mobile device is docked so that it has manager may be configured to fulfill requests after a pre 
access to a wired connection . determined number of requests ( e . g . , twenty ) have been 
As another example , the mobile device may be configured 60 inserted into the queue . As another example , the queue 

to intentionally queue requests to upload or download data manager may be configured to fulfill requests after a pre 
regardless of the connection speed of the mobile device and determined number of requests for a particular application or 
the queue manager may , for example in response to an event a particular type of application have been inserted into the 
or to a condition , receive a notification to process the queued queue . For example , a music application may register a rule 
requests . For example , multiple , queued requests may be 65 specifying that music download requests are to be fulfilled 
transmitted in order to reduce the number of connections once ten or more queued music download requests have 
that the mobile device establishes in a particular time period . been inserted into the queue . 
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In response to determining to fulfill the requests , the specified in relation to a FIFO ( First In First Out ) paradigm 
queue manager applies one or more rules to the requests , to and some rules may be specified in relation to a LIFO ( Last 
classify each request as a request that is to be fulfilled , or a In First Out ) paradigm . 
request that is not to be fulfilled ( 304 ) . A queue manager may For example , a rule for GPS updates may specify to fulfill 
classify a request by , for example , marking the request in the 5 latest requests first and a rule for media downloads may 
queue ( e . g . , as either to be fulfilled or as not to be fulfilled ) . specify to fulfill first requests first . A rule may relate to an 
As another example , requests that are classified as to be amount of data associated with the request . For example , a fulfilled may be copied or moved to a different queue . Some rule for media downloads may specify to fulfill requests in or all requests that are classified as not to be fulfilled may , order of download size , with smaller requests fulfilled for example , be deleted from the queue . before larger requests . A rule may relate to other character The queue manager may identify information associated istics , such as the reliability of a network connection . For with each request that indicates an application that submitted 
the request and may identify one or more rules ( e . g . , in a example , a rule may specify to only transmit a request if a 

connection reliability is at or above a particular threshold , rules database ) associated with each application . A rule may 
be applicable to all requests , to requests submitted by a 15 whe is where a connection reliability may be determined , for 
particular application , or to requests submitted by applica example , based on a length of time of continuous connec 
tions of a particular type . tion . 

For example , a rule may be applicable to requests from A rule may be based on multiple conditions . For example , 
social applications or from media applications . Rules may a rule relating to communication speed may specify to fulfill 
be registered by an application , such as when the application 20 all requests if a communication speed is 4 G , fulfill every 
is installed . As another example , a rule may be based on user fifth request if a communication speed is 3 G and fulfill only 
input , and rules may be added or updated based on user input the last request if a communication speed is 1 G or 2 G . As 
after an application is installed . another example , a rule may be based both on connection 

Some rules may relate to requests that are recurring speed and on the number of requests in the queue ( e . g . , either 
requests , such as similar requests that may be repeated over 25 the number of total requests or the number of requests for a 
time . Examples of recurring requests include sending a GPS particular application ) . 
( Global Positioning Satellite ) location update and sending a For example , a rule may specify for an application that all 
status update in a social application . A rule may specify to requests are to be fulfilled if the connection speed is 4 G or 
filter some or all functionally duplicate requests , since , for if there are ten or less requests in the queue for the 
example , some or all functionally duplicates requests may 30 application , or if the connection speed is 3 G or if there are 
be deemed to be irrelevant , outdated , redundant , or relatively five or less requests in the queue for the application . As 
unimportant . Requests that are not processed may be another example of multiple conditions , a rule for a social 
deleted , or may be held ( e . g . , held in the queue ) for con application may specify that all status updates that include 
sideration of later fulfillment . Requests that have been held text are to be fulfilled but only up to a predetermined number 
for longer than a predetermined period of time may be 35 of other updates , such as designations ( e . g . , “ likes ” , 
automatically deleted . " pokes ” ) made by the user , are to be fulfilled . In general , 

For a recurring request , a rule may specify to fulfill only conditions may be specified , for example , using any number 
a last request and to not fulfill requests other than the last or combination of Boolean operators . 
request . For example , a location - based application may The queue manager may determine which requests to 
register a rule that specifies to only send a last GPS location 40 fulfill based on analyzing all registered rules and on the 
update . As another example , for a recurring request , a rule number of requests in the queue for each application or 
may specify to only send a defined number ( e . g . , five ) of the application type , and on one or more characteristics of each 
last requests , only the first request , only a defined number request . For example , if multiple rules for one or more 
( e . g . , ten ) of the first requests , or requests matching a applications are based on a priority of a request , and if the 
predetermined spacing of requests ( e . g . , every fifth request ) . 45 queue includes requests from different applications , the 

For some applications , however , recurring requests may queue manager may determine an overall priority order of 
be deemed to be important and a rule may specify that all all requests and may determine to fulfill some or all of the 
requests are to be fulfilled , even if some or all of the requests requests based on the overall priority order . 
are recurring requests . For example , a hiking application One or more default rules may be defined . A default rule 
meant to trace a user ' s hike may register a rule specifying to 50 may be , for example , a system defined rule rather than an 
fulfill all GPS location update requests . application defined rule . A default rule may be based on an 

A rule may specify that a request is not to be fulfilled until application type . For example , a default rule may be defined 
a predetermined event occurs . For example , as described for requests related to email , and the default rule may be 
above , a request may be fulfilled after an elapsing of a used for email requests if an application - specific rule has not 
predetermined period of time . As another example , a rule 55 been registered by an email application . In general , the 
may specify that a request may be held indefinitely until queue manager may determine one or more rules to use for 
some other request having a particular priority is inserted a request based on an applicability and / or a similarity of the 
into the queue , and that the request is to be fulfilled when the request to one or more rules . 
other request is fulfilled . As another example , a rule may Continuing with FIG . 3 , the queue manager causes the 
specify that the request is to be fulfilled if a particular 60 requests that are classified as to be fulfilled to be fulfilled , or 
communication speed or higher is detected by the mobile the requests that are classified as not to be fulfilled to not be 
device . fulfilled ( 306 ) , thereby ending the process 300 ( 307 ) . For 

Other conditions may be used to specify rules . As men example , the queue manager may notify another component 
tioned above , a rule may specify that a request is to be ( e . g . , a communication component associated with the trans 
fulfilled immediately . As another example , a rule may 65 ceiver of the mobile device ) to fulfill requests that have been 
specify to fulfill requests of a higher priority before requests marked in the queue as to be fulfilled or to fulfill requests 
of a lower priority . As another example , some rules may be that have been copied or moved to another queue . When a 
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request is fulfilled , a notification may be sent to the appli and the request 406 , which may be identified as not being the 
cation that submitted the request . last request made by the application “ 123 ” , may be classified 

As mentioned , requests not to be fulfilled may be deleted . as a request to not be fulfilled ( e . g . , as illustrated by an 
The requests not to be fulfilled may have been deleted at the indicator 432 ) . 
time of classification or the requests not to be fulfilled may 5 As yet another example , the rule 422 may be applied to 
be deleted at a later time , either by the queue manager or by the requests 408 and 414 that are associated with the 
another component . As mentioned , requests that are not to application “ 456 ” . Suppose the current connection speed is 
be fulfilled may be held in the queue for consideration of not greater than the threshold speed included in the rule 420 . 
later fulfillment . The rule 422 may then be processed essentially the same as 

FIG . 4 illustrates an example queue 402 and an example 10 the rule 420 , meaning that only a last request made by the 
rules database 404 . The queue 402 and the rules database application “ 456 ” is to be classified as to be fulfilled . 
404 may be included , for example , in a computer readable For example , the request 414 may be identified as the last 
medium of a mobile device . The queue 402 includes ( e . g . , latest ) request made by the application “ 456 ” , and , 
requests 406 - 416 . Each of the requests 406 - 416 may repre - according to the rule 422 , the request 414 may be classified 
sent , for example , a request to upload data from or download 15 as a request to be fulfilled ( e . g . , as illustrated by an indicator 
data to the mobile device . The requests 406 - 416 are ordered 434 ) and the request 408 , which may be identified as not 
in the queue 404 from left to right according to insertion being the last request made by the application “ 456 ” , may be 
time into the queue 402 . For example , the request 406 was classified as a request to not be fulfilled ( e . g . , as illustrated 
inserted into the queue 402 before the request 408 . by an indicator 436 ) . 

The queue 402 includes information associated with mul - 20 FIG . 5 is a swim lane diagram of an example process 500 . 
tiple applications . For example , the requests 406 and 416 are An application 502 running on a mobile device sends , as 
each associated with an application “ 123 ” and each repre - illustrated by an arrow 504 , a request to a rules database 506 
sents a request to " obtain current information ” . The appli - to register one or more rules . The rules are registered and 
cation “ 123 ” may be , for example , a weather forecasting may be stored in the rules database 506 . As illustrated by an 
application , or a stock quote application . The requests 408 25 arrow 508 , a queue manager 510 receives a notification from 
and 414 are each associated with an application “ 456 " and a radio 512 that the radio 512 is not ready for transmission . 
each represents a request to " download the top ten articles ” . For example , there may not be sufficient signal strength for 
The application " 456 ” may be , for example , a newsreader transmission or the radio 512 may be programmatically 
application . The request 410 , which represents a request to turned off ( e . g . , to save battery power ) . 
email " Fred ” , and the request 412 , which represents a 30 The application 502 generates a first request to upload or 
request to email “ Bob ” , are each associated with an appli - download data and sends the request , as illustrated by an 
cation " 789 ” , which is an email application . arrow 514 , to a queue 516 . The queue 516 sends a notifi 

The rules database 404 stores information for rules 420 , cation of a new queue entry to the queue manager 510 , as 
422 , and 424 . The rules database 404 stores , for each rule illustrated by an arrow 518 . The notification may include an 
420 , 422 , and 424 , an identifier of an associated application . 35 indication of the application associated with the newly 
For example , the rules 420 , 422 , and 424 are associated with added queue entry . 
the applications “ 123 ” , “ 456 ” , and “ 789 ” , respectively . The As illustrated by an arrow 520 , the queue manager 510 
rule 420 specifies that only the last request made by the sends a request to the rules database 506 to determine 
application “ 123 ” to upload data from the mobile device or whether there are any rules associated with the application 
to download data to the mobile device is to be sent . 40 502 ( e . g . , the application associated with the newly added 

The rule 422 specifies that only the last request to upload queue entry ) . The rules database 506 sends a reply , as 
or download data made by the application “ 456 ” is to be illustrated by an arrow 522 , indicating the rules that are 
sent , except when the connection speed of the mobile device associated with the application 502 or indicating that there 
is greater than a threshold speed . If the connection speed of are no rules associated with the application 502 . 
the mobile device is greater than the threshold speed , then 45 In some implementations , the queue manager 512 
the rule 422 specifies that all requests to upload or download requests information about rules from the rules database 506 
data made by the application “ 456 " are to be sent . The rule each time a notification is received from the queue 516 that 
424 specifies that all requests to upload or download data is associated with an application that is not known to the 
made by the application “ 789 " are to be sent . queue manager 512 . As another example , in some imple 

When the mobile device receives a notification to send 50 mentations , the queue manager 512 requests information 
data upload and data download requests ( e . g . , in response to about rules each time a notification is received ( e . g . , from 
a timer event or in response to detecting a connection speed the radio 512 ) indicating that the radio 512 is ready for 
greater than a threshold speed ) , the rules in the rules transmission . 
database 404 may be applied to the queue 402 to classify As illustrated by an arrow 524 , the application 502 
each of the entries 406 - 416 as to be fulfilled or as not to be 55 generates a second request to upload or download data and 
fulfilled . For example , the rule 424 may be applied to the sends the second request to the queue 516 . The queue 516 , 
requests 410 and 412 that are associated with the application in turn , sends a notification of the second request to the 
“ 789 " . Since the rule 424 specifies that all requests made by queue manager 510 , as illustrated by an arrow 526 . Simi 
the application “ 789 " are to be fulfilled , the requests 410 and larly , the application 502 generates a third request to upload 
412 may each be classified as to be fulfilled , as illustrated by 60 or download data and sends the third request to the queue 
indicators 426 and 428 , respectively . 516 , as illustrated by an arrow 528 . The queue 516 sends a 
As another example , the rule 420 may be applied to the notification of the third request to the queue manager 510 , as 

requests 406 and 416 that are associated with the application illustrated by an arrow 530 . 
“ 123 ” . The request 416 may be identified as the last ( e . g . , As illustrated by an arrow 532 , the queue manager 510 
latest ) request made by the application “ 123 ” , and , accord - 65 receives a notification from the radio 512 indicating that the 
ing to the rule 420 , the request 416 may be classified as a radio 512 is ready for transmission . The radio 512 may be 
request to be fulfilled ( e . g . , as illustrated by an indicator 430 ) ready for transmission , for example , in response to detecting 
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a communication speed greater than a threshold speed or in or on multiple computers that are located at one site or 
response to the firing of a timer event . As illustrated by an distributed across multiple sites and interconnected by a 
arrow 534 , in response to receiving the notification that the communication network . 
radio 512 is ready for transmission , the queue manager 510 The processes and logic flows described in this specifi 
sends instructions corresponding to one or more rules to the 5 cation may be performed by one or more programmable 
queue 516 . For example , the queue manager may send processors executing one or more computer programs to 
instructions corresponding to rules for the application 502 perform functions by operating on input data and generating 

Operations are performed on the queue 536 according to output . The processes and logic flows may also be per 
formed by , and apparatus may also be implemented as , the instructions sent by the queue manager 510 , as illustrated 

by an arrow 536 . For example , one or more queue entries es 10 special purpose logic circuitry , e . g . , an FPGA ( field pro 
grammable gate array ) or an ASIC ( application specific may be deleted , may be marked as to be held ( e . g . , not to be integrated circuit ) . fulfilled ) , or may be marked as to be fulfilled . An indication Processors suitable for the execution of a computer pro of queue entries associated with requests that are to be gram include , by way of example , both general and special 

fulfilled is sent to the queue manager 510 , as illustrated by 15 purpose microprocessors , and any one or more processors of 
an arrow 538 . As illustrated by an arrow 540 , each request any kind of digital computer . Generally , a processor will 
that is to be fulfilled is fulfilled using the radio 512 . For receive instructions and data from a read only memory or a 
example , each request may result in a request being sent , random access memory or both . The essential elements of a 
using the radio 512 , to a server , to upload data to or computer are a processor for performing instructions and 
download data from the server . 20 one or more memory devices for storing instructions and 

A number of implementations have been described . Nev - data . Generally , a computer will also include , or be opera 
ertheless , it will be understood that various modifications tively coupled to receive data from or transfer data to , or 
may be made without departing from the spirit and scope of both , one or more mass storage devices for storing data , e . g . , 
the disclosure . For example , various forms of the flows magnetic , magneto optical disks , or optical disks . However , 
shown above may be used , with steps re - ordered , added , or 25 a computer need not have such devices . Moreover , a com 
removed . puter may be embedded in another device , e . g . , a tablet 

Aspects and all of the functional operations described in computer , a mobile telephone , a personal digital assistant 
this specification may be implemented in digital electronic ( PDA ) , a mobile audio player , a Global Positioning System 
circuitry , or in computer software , firmware , or hardware , ( GPS ) receiver , to name just a few . Computer readable 
including the structures disclosed in this specification and 30 media suitable for storing computer program instructions 
their structural equivalents , or in combinations of one or and data include all forms of non volatile memory , media 
more of them . Aspects may be implemented as one or more and memory devices , including by way of example semi 
computer program products , i . e . , one or more modules of conductor memory devices , e . g . , EPROM , EEPROM , and 
computer program instructions encoded on a computer read - flash memory devices ; magnetic disks , e . g . , internal hard 
able medium for execution by , or to control the operation of , 35 disks or removable disks ; magneto optical disks ; and CD 
data processing apparatus . The computer readable medium ROM and DVD - ROM disks . The processor and the memory 
may be a machine - readable storage device , a machine - may be supplemented by , or incorporated in , special purpose 
readable storage substrate , a memory device , a composition logic circuitry . 
of matter effecting a machine - readable propagated signal , or To provide for interaction with a user , aspects may be 
a combination of one or more of them . The term “ data 40 implemented on a computer having a display device , e . g . , a 
processing apparatus " encompasses all apparatus , devices , CRT ( cathode ray tube ) or LCD ( liquid crystal display ) 
and machines for processing data , including by way of monitor , for displaying information to the user and a key 
example a programmable processor , a computer , or multiple board and a pointing device , e . g . , a mouse or a trackball , by 
processors or computers . The apparatus may include , in which the user may provide input to the computer . Other 
addition to hardware , code that creates an execution envi - 45 kinds of devices may be used to provide for interaction with 
ronment for the computer program in question , e . g . , code a user as well ; for example , feedback provided to the user 
that constitutes processor firmware , a protocol stack , a may be any form of sensory feedback , e . g . , visual feedback , 
database management system , an operating system , or a auditory feedback , or tactile feedback ; and input from the 
combination of one or more of them . A propagated signal is user may be received in any form , including acoustic , 
an artificially generated signal , e . g . , a machine - generated 50 speech , or tactile input . 
electrical , optical , or electromagnetic signal that is generated Aspects may be implemented in a computing system that 
to encode information for transmission to suitable receiver includes a back end component , e . g . , as a data server , or that 
apparatus . includes a middleware component , e . g . , an application 

A computer program ( also known as a program , software , server , or that includes a front end component , e . g . , a client 
software application , script , or code ) may be written in any 55 computer having a graphical user interface or a Web browser 
form of programming language , including compiled or through which a user may interact with an implementation 
interpreted languages , and it may be deployed in any form of the invention , or any combination of one or more such 
including as a stand alone program or as a module , compo - back end , middleware , or front end components . The com 
nent , subroutine , or other unit suitable for use in a computing ponents of the system may be interconnected by any form or 
environment . A computer program does not necessarily 60 medium of digital data communication , e . g . , a communica 
correspond to a file in a file system . A program may be stored tion network . Examples of communication networks include 
in a portion of a file that holds other programs or data ( e . g . , a local area network ( “ LAN ” ) and a wide area network 
one or more scripts stored in a markup language document ) , ( “ WAN ” ) , e . g . , the Internet . 
in a single file dedicated to the program in question , or in The computing system may include clients and servers . A 
multiple coordinated files ( e . g . , files that store one or more 65 client and server are generally remote from each other and 
modules , sub programs , or portions of code ) . A computer typically interact through a communication network . The 
program may be deployed to be executed on one computer relationship of client and server arises by virtue of computer 
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programs running on the respective computers and having a transmitting , by the one or more computers , at least one 
client - server relationship to each other . of the selected one or more most recently stored 

While this specification contains many specifics , these requests of the functionally duplicative group over the 
should not be construed as limitations on the scope of the network connection , without transmitting the deleted , 
invention or of what may be claimed , but rather as descrip - 5 functionally duplicative group over the network con 
tions of features specific to particular aspects . Certain fea nection . 
tures that are described in this specification in the context of 2 . The method of claim 1 , wherein determining that the separate aspects may also be implemented in combination in functionally duplicative group of requests are functional a single aspect . Conversely , various features that are duplicates of each other is further based on each of the described in the context of a single aspect may also be 10 requests in the functionally duplicative group of requests implemented in multiple aspects separately or in any suit being associated with a recurring type of request . able subcombination . Moreover , although features may be 
described above as acting in certain combinations and even 3 . The method of claim 1 , wherein determining that the 

functionally duplicative group of requests are functional initially claimed as such , one or more features from a 
claimed combination may in some cases be excised from the 15 duplicates of each other is further based on each of the 
combination , and the claimed combination may be directed requests in the functionally duplicative group of requests 
to a subcombination or variation of a subcombination . being associated with a social media status update type of 

Similarly , while operations are depicted in the drawings in request . 
a particular order , this should not be understood as requiring 4 . The method of claim 1 , wherein determining that the 
that such operations be performed in the particular order 20 functionally duplicative group of requests are functional 
shown or in sequential order , or that all illustrated operations duplicates of each other is further based on each of the 
be performed , to achieve desirable results . In certain cir - requests in the functionally duplicative group of requests 
cumstances , multitasking and parallel processing may be being associated with a server data update type of request . 
advantageous . Moreover , the separation of various system 5 . The method of claim 1 , wherein determining that the 
components in the aspects described above should not be 25 functionally duplicative group of requests are functional 
understood as requiring such separation in all implementa - duplicates of each other is further based on ( i ) an identity of 
tion , and it should be understood that the described program an application that initiated each of the requests in the 
components and systems may generally be integrated functionally duplicative group of requests , and ( ii ) a respec 
together in a single software product or packaged into tive priority associated with each of the requests in the 
multiple software products . 30 functionally duplicative group of requests . 

In each instance where an HTML file is mentioned , other 6 . The method of claim 1 , wherein selecting , for trans 
file types or formats may be substituted . For instance , an mission , one or more of a most recently stored of the 
HTML file may be replaced by an XML , JSON , plain text , functionally duplicative group of requests comprises select 
or other types of files . Moreover , where a table or hash table ing , for transmission , only the one most recently stored of 
is mentioned , other data structures ( such as spreadsheets , 35 the functionally duplicative group of requests . 
relational databases , or structured files ) may be used . 7 . A system comprising : 

Thus , particular implementations have been described . a computer - readable storage medium configured to store , 
Other implementations are within the scope of the following in a transmission queue , multiple requests that are 
claims . For example , the actions recited in the claims may be identified as functional duplicates of each other , and 
performed in a different order and still achieve desirable 40 one or more computers configured to : 
results . determine that the network connection has been or will 

be established through the network interface while 
What is claimed is : the transmission queue of the one or more computers 
1 . A computer - implemented method comprising : is storing the multiple requests ; 
determining , by one or more computers , that the network 45 determine a type of request for each of the multiple 

connection has been or will be established through a requests ; 
network interface while a transmission queue of the one based on a plurality of rules that each correspond to a 
or more computers is storing multiple requests ; respective type of request of the multiple requests , 

determining , by the one or more computers , a type of determine that a functionally duplicative group of at 
request for each of the multiple requests ; 50 least two of the multiple requests are functional 

based on a plurality of rules that each correspond to a duplicates of each other 
respective type of request of the multiple requests , select , for transmission and from among the function 
determining , by the one or more computers , that a ally duplicative group of requests that are determined 
functionally duplicative group of at least two of the to be functional duplicates of each other , one or more 
multiple requests are functional duplicates of each 55 most recently stored requests of the functionally 
other ; duplicative group that are stored in the transmission 

selecting , by the one or more computers , for transmission , queue ; 
and from among the functionally duplicative group of delete all of the functionally duplicative group of 
requests that are determined to be functional duplicates requests that are stored in the transmission queue 
of each other , one or more most recently stored requests 60 other than the selected one or more most recently 
of the functionally duplicative group that are stored in stored request of the functionally duplicative group 
the transmission queue ; of requests ; and 

deleting , by the one or more computers , all of the func transmit one of the selected one or more most recently 
tionally duplicative group of requests that are stored in stored requests of the functionally duplicative group 
the transmission queue other than the selected one or 65 over the network connection , without transmitting 
more most recently stored requests of the functionally the deleted , functionally duplicative group over the 
duplicative group of requests ; and network connection . 
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8 . The system of claim 7 , wherein determining that the functionally duplicative group of at least two of the 
functionally duplicative group of requests are functional multiple requests are functional duplicates of each 
duplicates of each other is further based on each of the other ; 
requests in the functionally duplicative group of requests selecting , by the one or more computers , for transmission , 
being associated with a recurring type of request . and from among the functionally duplicative group of 

requests that are determined to be functional duplicates 9 . The system of claim 7 , wherein determining that the of each other , one or more most recently stored requests functionally duplicative group of requests are functional of the functionally duplicative group that are stored in 
duplicates of each other is further based on each of the the transmission queue ; 
requests in the functionally duplicative group of requests deleting , by the one or more computers , all of the func 
being associated with a social media status update type of tionally duplicative group of requests that are stored in 
request . the transmission queue other than the selected one or 

10 . The system of claim 7 , wherein determining that the more most recently stored requests of the functionally 
functionally duplicative group of requests are functional duplicative group of requests ; and 
duplicates of each other is further based on each of the 16 transmitting , by the one or more computers , at least one 
requests in the functionally duplicative group of requests of the selected one or more most recently stored 

requests of the functionally duplicative group over the being associated with a server data update type of request . network connection , without transmitting the deleted , 11 . The system of claim 7 , wherein determining that the functionally duplicative group over the network con 
functionally duplicative group of requests are functional nection . 
duplicates of each other is further based on ( i ) an identity of 20 14 . The device of claim 13 , wherein determining that the 
an application that initiated each of the requests in the functionally duplicative group of requests are functional 
functionally duplicative group of requests , and ( ii ) a respec - duplicates of each other is further based on each of the 
tive priority associated with each of the requests in the requests in the functionally duplicative group of requests 
functionally duplicative group of requests . being associated with a recurring type of request . 

12 . The system of claim 7 , wherein selecting , for trans - 25 or trans - 25 15 . The device of claim 13 , wherein determining that the 
functionally duplicative group of requests are functional mission , one or more of a most recently stored of the duplicates of each other is further based on each of the functionally duplicative group of requests comprises select 

ing , for transmission , only the one most recently stored of requests in the functionally duplicative group of requests 
the functionally duplicative group of requests . being associated with a social media status update type of 

13 . A non - transitory computer readable storage device 30 request . 
encoded with a computer program , the program comprising 16 . The device of claim 13 , wherein determining that the 
instructions that when executed by one or more computers functionally duplicative group of requests are functional 

duplicates of each other is further based on each of the cause the one or more computers to perform operations requests in the functionally duplicative group of requests comprising : 
determining , by one or more computers , that the network 35 being associated with a server data update type of request . 

17 . The device of claim 13 , wherein determining that the connection has been or will be established through a functionally duplicative group of requests are functional network interface while a transmission queue of the one duplicates of each other is further based on ( i ) an identity of or more computers is storing multiple requests ; an application that initiated each of the requests in the determining , by the one or more computers , a type of 
request for each of the multiple requests ; 40 functionally duplicative group of requests , and ( ii ) a respec 

based on a plurality of rules that each correspond to a tive priority associated with each of the requests in the 
functionally duplicative group of requests . respective type of request of the multiple requests , 

determining , by the one or more computers , that a 

40 


